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体基因组，结合 GenBank 中已有的 2 种海葵鱼(眼斑双锯鱼和二带双锯鱼)的线粒
体基因组进行分析和比较。这 8 种海葵鱼隶属双锯鱼亚科仅有的两个属，即双锯
鱼属和棘颊雀鲷属，而双锯鱼属所有的 4 个亚属均有代表种。结果表明：(1)所
分析的 8 种海葵鱼线粒体基因组结构与典型的脊椎动物一致，均包括 13 个蛋白
质编码基因、2 个 rRNA 基因、22 个 tRNA 基因和一段主要的非编码区(D-loop)；
(2)海葵鱼 mtDNA 的 H 链的碱基组成(尤其是由 H 链编码的 12 个蛋白质编码基
因中)存在反 G 偏倚现象；(3)在 13 个蛋白质编码基因中，海葵双锯鱼(AP006017)
和眼斑双锯鱼(KJ174497)的 ND5 的长度为 1866 bp 比其他的海葵鱼的 ND5 缺少
了 3 个碱基，但是这两种不同长度的 ND5 均能正确的翻译成氨基酸序列；(4)在
D-loop 中，TAS、CCD 和 CSB 等 3 个区域被识别。再者，D-loop 串联重复序列
的位置位于 D-loop 的下游位置而不是上游位置；(5)通过对海葵鱼 mtDNA 不同
区域的进化速率比较得出 rRNA(95.7±0.3%)和 tRNA(97.0±0.3%)最保守，蛋白质
编码基因的进化速率适中(90.2±0.2%)，而 D-loop 进化速率最快(72.2±1.3%)；在
13 个蛋白质编码基因中，COI、COII 和 COIII 的进化速率最慢而 ATP8 和 ND6
的进化速率最快。再者，本研究利用雀鲷科 9 种鱼类的 mtDNA 的 H 链编码的
12 个蛋白质编码基因连接而成的序列构建的 Bayesian 和 ML 分子系统发生树表
明：(1)双锯鱼亚科为单系发生，棘颊雀鲷应归入双锯鱼属中；(2)双锯鱼属不为

























(Ovarian-phase gonad)。从 D75 到 D90，性腺进一步增大；(4)D120 的性腺中可见
初级卵母细胞(25~30 um)以及少数的精原和精母细胞囊，此时的性腺称为“双性
































Anemonefishes of the Subfamily Amphiprioninae (Perciformes: Pomacentridae) 
are a group of coral reef fishes consisting of 30 valid species, all associated with sea 
anemones of several genera by living in symbiosis.  
In recent years, molecular phylogeny of anemonefishes has been conducted, and 
there were some preliminary results on phylogenetic relationships in Amphiprioninae 
based on some mtDNA genes. To further investigate the molecular phylogeny of 
anemonefishes, the mitogenomes of 8 anemonefishes were compared; 6 were 
obtained from this study (i.e. Amphiprion clarkii, A. frenatus, A. percula, A. 
perideraion, A. polymnus and Premnas biaculeatus) and 2 were available from 
GenBank (i.e. A. bicinctus and A. ocellaris). The 7 species from the genus 
Amphiprion represent all 4 subgenera and P. biaculeatus is the only species from 
Premnas. The results showed that (1) the mitogenomes of 8 anemonefishes followed 
the typical vertebrate canonical organization with 13 protein-coding genes, 22 tRNAs, 
2 rRNAs and a D-loop; (2) the H-strand nucleotide composition showed a nucleotide 
bias against G and especially in the 12 protein-coding genes encoded by the H-strand; 
(3) in the 13 protein-coding genes, A. ocellaris (AP006017) and A. percula 
(KJ174497) had the same length in ND5 with 1866 bp, which were 3 bp less than the 
other 6 anemonefishes. Both structures of ND5, however, could translate to amino 
acid successfully; (4) the regulatory elements of D-loops included putative 
termination associated sequence (TAS), central conserved domain (CCD) and 
conserved sequence block (CSB). The location of the tandem repeats of D-loop was 
downstream after CSB, rather than the upstream; and (5) looking at the mitogenomic 
constituents, rRNA (95.7±0.3%) and tRNA (97.0±0.3%) were the most conserved, 
followed by protein-coding genes (90.2±0.2%), and D-loop (72.2±1.3%) was the most 
divergent. Divergence rates varied among the protein-coding genes; the three 















and ATP8 were the most divergent. The phylogenetic utility was tested with Bayesian 
and Maximum Likelihood methods using 12 protein-coding genes (excluding ND6) of 
9 species from Pomacentridae. The results support that (1) the subfamily 
Amphiprioninae was monophylic, and P. biaculeatus should be assigned to the genus 
Amphiprion; (2) the genus Amphiprion was not a monophylic group, the subgenus 
Actinicola was one clade, while the genera Amphiprion, Paramphiprion and 
Phalerebus formed the other clade; (3) P. biaculeatus should be assigned to the 
subgenus Actinicola, together with A. ocellaris and A. percula. 
Few studies on early gonad development of anemonefishes have been conducted, 
and the timing for ovarian lumen (OL) formation and spermatogenesis occurrence are 
still unclear. To clarify the process of sexual differentiation in the protandrous 
hermaphroditic A. clarkii, gonadal histology was applied to examine the gonad 
developmental stages of juveniles from 35 to 300 days after hatching (D35~D300) in 
this study. The results showed that (1) D35 juveniles developed the paired gonadal 
primordia (GP) with scattered gonia (7~8 um) and blood vessels at the ventral side of 
the swim bladder and the gonads were defined as undifferentiated-phase gonads; (2) 
the gonadal walls (GW) of D45 juveniles protruded ventrally from the area of blood 
vessels but did not connect to each other to form the OL; (3) the OL completed at D75 
juveniles and primary-growth stage oocytes (O1) (10~11 um) were first observed in 
the inner layer of gonadal walls and the gonads were defined as the ovarian-phase 
gonads. From D75 to D90, the gonads increased in size; (4) at D120 juveniles, gonads 
contained O1 (25~30 um) and scattered spermatogonial cysts (SG) and spermatogenic 
cysts (SC), defined as the bisexual-phase gonads; (5) from D150 to D210, the 
bisexual-phase gonads increased in size with proliferation of O1 and SG/SC; (6) at 
D240, the proportion of testicular tissues in some bisexual-phase gonads was about 50 
percents, inferring the male developmental pathway through juvenile sexual 
differentiation; and (7) at D270, the proportion of testicular tissues was more than 70 
percents (n = 1, SL=65.45 mm) with the dominance of spermatid cysts and the 
appearance of sperm in sperm sinuses which indicating the mature and functional 















spermatogenesis; (2) the ovarian tissues were in the inner layer of gonadal wall 
around the OL whereas the testicular tissues were peripheral in the bisexual-phase 
gonads, and there was no connective tissue between ovarian and testicular areas; (3) 
juveniles of A. clarkii developed into the undifferentiated-phase and then 
undifferentiated-ovarian-phase gonad, and subsequently into the bisexual-phase gonad 
prior to mature testis and becoming to be functional male; and (4) the first sexual 
maturation of males in A. clarkii was about one year old, which provided useful 
information for breeding practices of A. clarkii. 
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